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ORRSV%RQHY ,$ %ULRW 6  DQG %RQHY ,$ *RVVHOLQ &0 =ODWDQRY'ZKLFK LV LQ DFFRUG ZLWK WKH
UHFHQWGHYHORSPHQWDOWUHQGVLQPDQXIDFWXULQJ DQGPDFKLQHWRROPDQHXYHUV 7KXVDKLJKRXWSXWYHORFLW\LVDFUXFLDO
SRLQW IRU SDUDOOHO PDQLSXODWRUV WR EH DSSOLHG LQWR SDUDOOHO NLQHPDWLF PDFKLQHV $OWKRXJK WKH UHDVRQ IRU SDUDOOHO
URERWV WR EH PRUH SUHFLVH WKDQ VHULDO URERWV LV VDLG WR EHEHFDXVH RI DEVHQFH RI HUURU DFFXPXODWLRQ LQ WKHRU\
%RQHY,$*RVVHOLQ&0 =ODWDQRY'WKHUHDOUHDVRQLVWKDWSDUDOOHOURERWVFDQEHEXLOWWREHVWLIIHUZLWKRXW
EHLQJEXONLHU6SDWLDOSUHFLVLRQSRVLWLRQLQJGHYLFHVDUHRIWHQEDVHGRQKH[DSRGVRUWULSRGV+RZHYHUZKHQLWFRPHV
WR SODQDU WKUHHGHJUHHRIIUHHGRP '2) SRVLWLRQLQJ YLUWXDOO\ DOO FRPPHUFLDO VRFDOOHG ;<7KHWD SRVLWLRQLQJ
WDEOHVDUHEDVHGRQWKHZHOONQRZQVDQGZLFKVHULDOFRQILJXUDWLRQVHWXS:KHQSDUDOOHOHG ZLWKVHULDOPDQLSXODWRUV
WKHIROORZLQJ DUHWKHSRWHQWLDODGYDQWDJHVRISDUDOOHODUFKLWHFWXUHVKLJKHUNLQHPDWLFDOSUHFLVLRQOLJKWHUZHLJKWDQG
EHWWHU VWLIIQHVVJUHDWHU ORDGEHDULQJ VWDEOHFDSDFLW\DQGVXLWDEOHSRVLWLRQRIDUUDQJHPHQWRIDFWXDWRUV ,Q VSLWHRI
WKHVH DGYDQWDJHV WKH\ GR KDYH VRPH OLPLWDWLRQV OLNH UHVWULFWHG ZRUNVSDFH DQG FRPSOLFDWHG VLQJXODULWLHV %RQHY
,$%ULRW 6 %RQHY,$*RVVHOLQ&0=ODWDQRY'DQG%HFNHU 2+HVVHOEDFK-5DDW]$:UHJH -

5HFHQWO\PRUHJHQHUDODSSURDFKHVKDYHEHHQSUHVHQWHG LQ WKLV ILHOG0HUOHW0HUOHW -3 VROYHGWKHIRUZDUG
SRVHNLQHPDWLFVSUREOHPIRUDEURDGFODVVRISODQDUSDUDOOHOPDQLSXODWRUV:LOOLDPVHWDO 5HLQKROW]&) :LOOLDPV
5/  DQDO\VHGWKHG\QDPLFVDQGWKHFRQWURORIDSODQDUWKUHHGHJUHHRIIUHHGRPSDUDOOHOPDQLSXODWRUDW2KLR
8QLYHUVLW\ZKLOH<DQJ HW DO &KHQ ,0&KHQ:<DQJ * FRQFHQWUDWHG RQ WKH VLQJXODULW\ DQDO\VLV RI D
FODVV RI 555SODQDU SDUDOOHO URERWV ZKLFKZDV GHYHORSHG LQ LWV ODERUDWRU\%RQHY HW DO %RQHY ,$*RVVHOLQ
&0=ODWDQRY' GHVFULEHG VHYHUDOW\SHVRIVLQJXODUFRQILJXUDWLRQVE\VWXG\LQJWKHGLUHFWNLQHPDWLFVPRGHO
RI D 535 SODQDU SDUDOOHO URERWZLWK DFWXDWHG EDVH MRLQWV$PRQJ WKH IHZ H[LVWLQJ SODQDU '2) SDUDOOHO URERW
SURWRW\SHV WKDW GR QRW HPSOR\ IOH[XUHV RQH LV EDVHG RQ V\PPHWULF 353 DUFKLWHFWXUH &RPSDQ\ 2)RXUQLHU
$3LHUURW )5RQFKL 6 ZKHUH WKH EDVH DFWXDWRUV IRUP DQ HTXLODWHUDO WULDQJOH DQG WKH OLQHDU JXLGHV RI WKH
SODWIRUP IRUPDVWDU VKDSHGSDWWHUQ7KLVURERWKDVDYHU\OLPLWHGZRUNVSDFHWKRXJK,QFRQWUDVW WKH553URERW
ILUVWGLVFORVHGLQ /LHFKWL56FKHLGHJJHU$WKHQVWXGLHG LQ %RQHY,$<X $=VRPERU0XUUD\3
D ILUVWSURWRW\SH RIZKLFK ZDVUHSRUWHG LQ +XIQDJHO70XOOHU$RIIHUVXQOLPLWHGURWDWLRQ LQDGGLWLRQ WR
H[FHOOHQWVWLIIQHVVLQWKHYHUWLFDOGLUHFWLRQ+RZHYHUWKHDFFXUDF\ UHDOL]DEOH LQ VXFKDURERWLVTXHVWLRQDEOHVLQFHLW
UHOLHVRQ WKHXVHRIDSHUIHFWO\FLUFXODU UDLO7KHRQO\FRPPHUFLDOO\DYDLODEOHSDUDOOHO;<7KHWDSRVLWLRQLQJ WDEOH
PDQXIDFWXUHGE\+HSKDLVW6HLNR LV DOVREDVHGRQ WKH353DUFKLWHFWXUH EXW LWV GHVLJQ LV DV\PPHWULF &OHJKRUQ
:/0LOOV-.=KDQJ = 5HGXQGDQWDFWXDWLRQRISDUDOOHOPDQLSXODWRUV LVGHHPHGDSURPLVLQJDSSURDFKWR
LPSURYHWKHLUNLQHPDWLFDQGG\QDPLFSURSHUWLHV,WFDQ LQSDUWLFXODU HOLPLQDWHWKHVLQJXODULWLHVDQGWKXVLQFUHDVHWKH
XVDEOH UDQJH RI PRWLRQ $UDG\ILR '' 4LDR '  7KXV UHGXQGDQWO\ DFWXDWHG SDUDOOHO PDQLSXODWRUV KDYH
DWWUDFWHGPRUHDQGPRUHDWWHQWLRQ
%DVHG RQ WKH DQDO\VLV RI WKH OLWHUDWXUH LW ZDV IRXQG WKDW WKH SUHYLRXV DWWHPSWV RQ URERWLF SODQDU SRVLWLRQLQJ
V\VWHPKDGOLPLWHGVXFFHVVGXHWRWKHIROORZLQJUHDVRQV D 6PDOOZRUNVSDFHVKRUWVWURNHOHQJWKVDQGOHVVGH[WHULW\
E %XON\VWUXFWXUH RUKHDYLHUDQGKLJKFRVW F 8VDJHRIJXLGHZD\VUDLOOHDGVFUHZZLWKURWDU\DFWXDWRUIRU;
DQG<PRYHPHQWV G &RXSOHGV\VWHPG\QDPLFVDQGQRQOLQHDUFRQWUROVFKHPHV H 0RVWRIWKHV\VWHPVDUHOLPLWHG
WRRQO\SRVLWLRQLQJDSSOLFDWLRQVQRWXVHGIRUWKHWUDMHFWRU\WUDFNLQJDSSOLFDWLRQV
7KHUHYLHZRIOLWHUDWXUHRQWKHSUHVHQWVWDWXVRISDUDOOHOURERWLFSODQDUSRVLWLRQLQJSODWIRUPKDVFOHDUO\VKRZQWKH
LPSRUWDQFHRIRSWLPXPGHVLJQDQGFRQWUROOHUGHYHORSPHQWLQ UHDOL]LQJ DVRSKLVWLFDWHGSDUDOOHOURERWLF;<ș= VWDJH
DQG WKHUHDUHSOHQW\RIRSSRUWXQLWLHVDQG ORWVRISRWHQWLDOV WRGHYHORSFUHDWHDEHWWHUPRWLRQVWDJH ,Q WKLVZRUN D
QHZ SDUDOOHO URERW LV SURSRVHGZKLFK FDQ GHOLYHU DFFXUDWH SODQDUPRYHPHQWV LV SDUWLDOO\ GHFRXSOHG DQG KDV D
UHODWLYHO\ ODUJH ZRUNVSDFH DQG ORZ FRVW ,W LV H[SHFWHG WKDW WKH SURSRVHG V\VWHP ZRXOG RYHUFRPH PRVW RI WKH
OLPLWDWLRQVOLVWHGDERYHDQG ZRXOG SRVVLEO\ SHUIRUPEHWWHUWKDQWKHFRQYHQWLRQDOVHULDOOLQNSODWIRUPVDQGH[LVWLQJ
SDUDOOHOSODWIRUPV7KHQRYHOW\RIWKLVSDUDOOHOURERWOLHVLQLWVDELOLW\WRDFKLHYHWKHGHFRXSOHGVWDWHE\HPSOR\LQJ
OHJVRIDGLIIHUHQWNLQHPDWLFVWUXFWXUHDQGDFWDVD VLQJOHGHJUHHRIIUHHGRPV\VWHPVLPLODUWRWKDWRIIRXUEDUFKDLQ
7KH SURSRVHG V\VWHPGRHV QRW UHTXLUH DQ\ JXLGHZD\V IRU WKH; DQG<PRYHPHQWV 7KH VLQJOHPRYLQJ HOHPHQW
VWUXFWXUHRIWKHSURSRVHGSDUDOOHOURERWV\VWHPLVH[SHFWHGWRRYHUFRPHWKHSUREOHPVRIWKHFRQYHQWLRQDOPXOWLD[LV
VWDJHV
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV 7KH PDWHULDOV DQG PHWKRGV RI WKH SURSRVHG V\VWHP DUH
GLVFXVVHGLQ6HFWLRQ,Q6HFWLRQDGHWDLOHGSHUIRUPDQFHDQDO\VLVDORQJZLWKUHVXOWVLVGLVFXVVHG)LQDOO\6HFWLRQ
VXPPDUL]HV WKH FRQFOXVLRQV RIWKLVVWXG\
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 0DWHULDOVDQG0HWKRGV
7KH SURSRVHG SDUDOOHO URERW KDV WZR OHJV DQG RQHZRUN WDEOH HQG HIIHFWRU DV VKRZQ LQ )LJ  DV D FRQFHSWXDO
GHVLJQLQVROLGPRGHOIRUP%RWKOHJVKDYHWZRGHJUHHVRIIUHHGRP 535RXWRIWKLVRQHOHJKDVWZRDFWLYHMRLQWV
LHRQHURWDU\DQGRQHSULVPDWLFMRLQWDQGRQHSDVVLYHMRLQWURWDU\DQGRWKHUOHJKDVRQHDFWLYH MRLQWSULVPDWLF
MRLQWDQGWZR SDVVLYHMRLQWV ERWKURWDU\7KHVHWZROHJVDUHFRQQHFWHGZLWKWKHZRUNWDEOHE\WZRSDVVLYHURWDU\
MRLQWV7RWDOO\WKHSURSRVHGSDUDOOHOURERWLFPDQLSXODWRUKDVVL[OLQNVLQFOXGLQJWKHIL[HGOLQNIUDPHDQGVL[VLQJOH
GHJUHHRIIUHHGRPMRLQWVIRXUUHYROXWHSDLUVDQGWZRSULVPDWLFSDLUV%DVHGRQWKH*UXHEOHU¶VPRELOLW\ FULWHULRQ
WKHPRELOLW\RI WKHSODQDU URERWLFPDQLSXODWRU LV WKUHH LH WKHSURSRVHGURERWLFPDQLSXODWRUKDV WKUHHGHJUHHVRI
IUHHGRPRQHURWDU\LQSXWDQGWZRWUDQVODWLRQLQSXWV DVVKRZQLQ )LJ E
 .LQHPDWLFPRGHORIWKH'2)535SDUDOOHOURERW
5HIHUULQJ )LJ E WKH IUDPH$' LV IL[HG DW WKHEDVH VR WKDW WKLV OLQN FRQVLGHUHG DV D UHIHUHQFH OLQNIUDPH7KH
SDUDOOHO URERWLFPDQLSXODWRU KDV WKUHH WDVN VSDFH YDULDEOHV ; DQG< WUDQVODWLRQV DQG URWDWLRQ DERXW = D[LV ș=
7KHVH WDVN VSDFH YDULDEOHV DUH GHSHQGHQW RQ WKUHH MRLQW VSDFH V\VWHP YDULDEOHV MRLQW DQJOH D DQG WZR MRLQW
OHQJWKV G DQG G DLV WKH DQJOH DFWLYH MRLQW DQJOH EHWZHHQ WKH OLQN  $( DQG WKH [ D[LVPHDVXUHG FRXQWHU
FORFNZLVHG LVWKHDFWLYH MRLQWYDULDEOHDVVRFLDWHGZLWKWKHILUVWOHJ DQGLVGHILQHGDVWKHGLVWDQFH EHWZHHQWKHMRLQW
( RQ OHJ RQH DQG MRLQW% RQ WKH HQGHIIHFWRU DV LOOXVWUDWHG LQ )LJ  6LPLODUO\ G LV WKH DFWLYH MRLQW YDULDEOH
DVVRFLDWHGZLWKWKHVHFRQGOHJ DQGLVGHILQHGDVWKHGLVWDQFHEHWZHHQWKHMRLQW)RQOHJWZRDQGMRLQW&RQ WKH
HQGHIIHFWRUDVLOOXVWUDWHGLQ)LJ)RUZDUGNLQHPDWLFVUHIHUVWRWKHXVHRIWKH NLQHPDWLF HTXDWLRQVRID URERW WR
FRPSXWH WKH SRVLWLRQ [ DQG \ DQG RULHQWDWLRQ ș RI WKH HQGHIIHFWRUZRUN WDEOH WDVN VSDFH SDUDPHWHUV IURP
VSHFLILHGYDOXHVIRUWKHMRLQWSDUDPHWHUVMRLQWDQJOHDQGMRLQWGLVWDQFHV7KHIRUZDUGNLQHPDWLFHTXDWLRQVRIWKH
'2)SDUDOOHOURERWLF PDQLSXODWRUDUHDVJLYHQEHORZ
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D E
)LJD -RLQWDUUDQJHPHQWVRIWKHSURSRVHGURERWLFPDQLSXODWRUE 6FKHPDWLFGLDJUDPRIWKHSDUDOOHOURERWLFPDQLSXODWRU
 '\QDPLFPRGHORIWKH'2)535SDUDOOHOURERW
7KLVVHFWLRQGHVFULEHVWKHUHODWLRQVKLSEHWZHHQMRLQWIRUFHVWRUTXHVDQGMRLQWVSDFHSDUDPHWHUV7KH G\QDPLFPRGHO
RIWKHSURSRVHGKDVEHHQ GHYHORSHGWKURXJK WKH(XOHU/DJUDQJLDQIRUPXODWLRQPHWKRGEDVHGRQHQHUJ\DSSURDFK
7KH WRWDO NLQHWLFHQHUJ\RI WKH SURSRVHG PDQLSXODWRU KDVEHHQFDOFXODWHGDV WKH VXPRI WKHNLQHWLFHQHUJ\RI WKH
PRELOHSODWIRUPDQGWKHNLQHWLFHQHUJ\ RIHDFKRIWKHOHJVE\FRQVLGHULQJHDFKRIWKHPDVVLQJOH'2)535VHULDO
PDQLSXODWRU 7KHSRWHQWLDO HQHUJ\RI WKHSODWIRUP LV]HUR VLQFH WKHSURSRVHGPDQLSXODWRU LVSODQDUDQGPRWLRQ LV
UHVWULFWHGWRWKH KRUL]RQWDOSODQH7KHG\QDPLFHTXDWLRQVRIPRWLRQRIWKHSURSRVHGURERWLFSODWIRUPDUHQRQOLQHDU
DQGFRXSOHGDQGLWFDQEHH[SUHVVHGDVIROORZV
    GLV&0 WW99999     
:KHUH > @7GG D9   LV WKH YHFWRU RI MRLQW DFFHOHUDWLRQV > @7GG D9   LV WKH YHFWRU RI MRLQW YHORFLWLHV
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> @7GG D9  LV WKH YHFWRU RI MRLQW YDULDEOHV  90 LV WKH LQHUWLDPDWUL[  99 & LV WKH &RULROLV DQG FHQWULSHWDO
PDWUL[ > @7II  WW  LV WKHYHFWRURI MRLQWFRQWURO LQSXWV  DQG II DUH WKH MRLQW LQSXW IRUFHVRI WKHSULVPDWLF
MRLQWVDQGUHVSHFWLYHO\ W LVWKHMRLQWLQSXWWRUTXHRIWKHURWDU\MRLQW LGLVHGLVGLV WWW  LVWKHYHFWRURILQWHUQDODQG
H[WHUQDO GLVWXUEDQFHV LGLVW LV WKH YHFWRU FRPSULVLQJ RI LQWHUQDO GLVWXUEDQFHV HJ GXH WR V\VWHP SURFHVV QRLVHV
SDUDPHWHUXQFHUWDLQWLHVPHDVXUHPHQWQRLVHVHWFDQG HGLVW LVWKHYHFWRU FRPSULVLQJRI H[WHUQDOGLVWXUEDQFHVHJ
GXHWRSD\ORDGYDULDWLRQV YLEUDWLRQV UHDFWLRQVHWF
 &RQWUROOHUGHVLJQRIWKH'2)533SDUDOOHOURERW
7KLVVXEVHFWLRQGHVFULEHVD FRQWUROOHULQWHJUDWHGZLWKD GLVWXUEDQFHREVHUYHU IRU WKHSURSRVHGPRWLRQSODWIRUP$V
V\VWHP XQFHUWDLQWLHV DQG H[WHUQDO GLVWXUEDQFHV VXFK DV SD\ ORDG YDULDWLRQV DQG IULFWLRQ WLPH GDPSLQJ KDYH D
VLJQLILFDQW LPSDFW RQ V\VWHP WUDFNLQJ SHUIRUPDQFH LQ FDVH RI WKH SDUDOOHO SODQDUPDQLSXODWRUVPDQ\ UHVHDUFKHUV
KDYH EHHQ NHHQ RQ V\QWKHVL]LQJ DGYDQFHG FRQWURO PHWKRGV IRU LPSURYLQJ WKH V\VWHP UREXVWQHVV XQGHU WKH
DVVXPSWLRQWKDWWKHNQRZQV\VWHPSDUDPHWHUVDUHDFFXUDWHDQGGLVWXUEDQFHVDUHGLUHFWO\PHDVXUHGE\IRUFHVHQVRUV
'LVWXUEDQFH REVHUYHU 7KH SURSRVHG GLVWXUEDQFH REVHUYHU HVWLPDWHVWKH GLVWXUEDQFH YHFWRU EDVHG RQ WKH NQRZQ
V\VWHPG\QDPLFV LQJHQHUDO LQDFFXUDWH V\VWHPSDUDPHWHUV DYDLODEOHHVWLPDWHG GLVSODFHPHQWDQGYHORFLW\ YHFWRUV
ZKLFK DUH REWDLQHG IURP WKH (.) EDVHG RQ GLVSODFHPHQW RU SRVLWLRQDO PHDVXUHPHQWV ZLWK VHQVRU QRLVHV 7KH
SURSRVHG GLVWXUEDQFH REVHUYHUPRGHOLVJLYHQDVIROORZV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 
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:KHUH GLVWÖ LV WKH HVWLPDWHG GLVWXUEDQFH YHFWRU  ] LV WKH YHFWRU RI DX[LOLDU\ YDULDEOHV E LV DQ DUELWUDU\ SRVLWLYH
FRQVWDQWLH !E   99 * LVWKHREVHUYHUJDLQPDWUL[  99P  LVWKHREVHUYHUYHFWRU
 ([WHQGHG.DOPDQILOWHU
7KHSURSRVHGV\VWHPJHWV WKHSRVLWLRQVRULHQWDWLRQV RIWKHPRELOHSODWIRUP IURPPHDVXUHPHQWVV\VWHPV FDPHUDDQG
YLVLRQ V\VWHPV DQG WKH MRLQW SRVLWLRQV RI WKH PDQLSXODWRU XVLQJ MRLQW SRVLWLRQ VHQVRUV LH SRWHQWLRPHWHUV
UHVSHFWLYHO\ ,W LV DVVXPHG WKDW QR H[SOLFLW YHORFLW\ LQIRUPDWLRQ LV SURYLGHG WR WKH(.)7KH HVWLPDWRU LQWHJUDWHV
NQRZOHGJHRIWKHNQRZQSODQWDQGPHDVXUHPHQWG\QDPLFVVWDWLVWLFVRIWKHSURFHVVDQGPHDVXUHPHQWQRLVHDQGDQ
LQLWLDO FRQGLWLRQ WR HVWLPDWH WKH VWDWH RI WKH V\VWHP 7KH ZHOONQRZQ PRVW ZLGHO\ XVHG QRQOLQHDU ILOWHU DQG
UHFRJQL]HG (.)LVXVHGDV DVWDWHHVWLPDWRULQWKLVVWXG\%DVHGRQWKHV\VWHPG\QDPLFVDQGDYDLODEOHGLVSODFHPHQW
PHDVXUHPHQWV WKH FRPSOHWH V\VWHP VWDWHV LQFOXGLQJ WKH GLVSODFHPHQW DQG YHORFLW\ YHFWRUV RI WKH URERWLF
PDQLSXODWRUDUHREWDLQHGXVLQJWKH(.)
/HWXVGHILQHDVWDWH YHFWRUDVIROORZV
> @777 99F  
6XFK WKDW  WI FF   DQG
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8QFHUWDLQWLHV LQ WKH V\VWHP DQG WKH DFWXDWRU G\QDPLFV DUH PRGHOHG XVLQJ UDQGRP YDULDEOHV DQG WKH FRPELQHG
XQFHUWDLQWLHVDUHJURXSHGWRJHWKHULQWR DUDQGRPYDULDEOHYHFWRUY 
7KHV\VWHPG\QDPLFVRIWKHDXJPHQWHGVWDWHYHFWRUFDQEHUHSUHVHQWHGDVIROORZV
YFF   WI 
1534   Yogesh Singh et al. /  Procedia Materials Science  5 ( 2014 )  1528 – 1539 
7KHPHDVXUHPHQWPRGHOFDQEHH[SUHVVHGDV
]FN   WK

ZKHUHN LVWKHPHDVXUHPHQWYHFWRU WFK LVWKHPHDVXUHPHQWIXQFWLRQRUYHFWRURIPHDVXUHPHQWVDQG ] LVWKH
YHFWRURIPHDVXUHPHQWQRLVHVSUHVHQWLQWKHYHKLFOHSRVLWLRQVDQGWKHPDQLSXODWRUMRLQWSRVLWLRQV
 &RQWUROOHU
7KHSURSRVHGURERWLFFRQWUROYHFWRUDORQJZLWKHVWLPDWHGGLVWXUEDQFHLVJLYHQDVIROORZV
     GLV3'G &..0 W9999999W ÖÖÖÖaaÖ   
:KHUH .3 DQG .' DUH WKH SURSRUWLRQDO DQG GHULYDWLYH JDLQ PDWULFHV RI WKH SURSRVHG FRQWUROOHU DQG FKRVHQ DV
V\PPHWULF SRVLWLYH GHILQLWHPDWULFHV 9Ö DQG9Ö DUH WKH HVWLPDWHG SRVLWLRQ YHFWRU DQG YHORFLW\ YHFWRU RI WKH URERWLF
PRWLRQSODWIRUPUHVSHFWLYHO\ 999 Öa  G LVWKHYHFWRURISRVLWLRQWUDFNLQJHUURUV 999  Öa  G LVWKHYHFWRURIYHORFLW\
WUDFNLQJ HUURUV G9  G9 DQG G9 DUH WKH YHFWRUV RI WKH GHVLUHG UHIHUHQFH SRVLWLRQV YHORFLWLHV DQG DFFHOHUDWLRQV
UHVSHFWLYHO\ GLVWÖ LVWKHHVWLPDWHGYHFWRURIGLVWXUEDQFHV
7KHEORFNGLDJUDPWKDWFRUUHVSRQGV WR WKHSURSRVHGFRQWUROOHU LVVKRZQLQ)LJ 7KLVEORFN GLDJUDPFRQVLVWVRI
WKUHH VXEVHFWLRQV WKH XVHU LQSXW EORFN WKH FRQWUROOHU EORFN DQG WKH URERWLF V\VWHP ,Q WKH XVHU LQSXW EORFN WKH
GHVLUHGPDQLSXODWLRQWDVNLVGHILQHGVXFKDVW\SHRIRSHUDWLRQGHVLUHGWDUJHWWDVNVSDFHSRVLWLRQVGXUDWLRQRIWKH
WDVNDQGRWKHUSDUWLFXODUVDQGEDVHGRQWKHVHLQIRUPDWLRQWKHWUDMHFWRU\SODQQHUGHULYHVWKHWLPHWUDMHFWRULHVRIWKH
GHVLUHGWDVNVSDFHSRVLWLRQYHFWRUZKLFKLVFRQVLGHUHGDVDUHIHUHQFHLQSXWYHFWRUIRUWKHSURSRVHGFRQWUROOHU 7KH
HQWLUH FRQWUROOHU EORFN VHJPHQW FDOFXODWHV D FRQWURO YHFWRU EDVHG RQ WKH SURSRVHG FRQWURO ODZ DORQJ ZLWK WKH
HVWLPDWHGGLVWXUEDQFH YHFWRU 7KHGLVWXUEDQFHREVHUYHUEORFNHVWLPDWHV WKHGLVWXUEDQFHYHFWRUXVLQJFRQWURO LQSXW
YHFWRUVHQVRUVLJQDOVDQGSDUWLDOV\VWHPG\QDPLFVDVGHVFULEHG DVHDUOLHULQWKLVVHFWLRQ5RERWLFV\VWHPEORFNLV
FRPSRVHGRIWKUHHVXE EORFNV WKH URERWLFSODWIRUP EORFNUHSUHVHQWLQJWKHDFWXDOV\VWHPWKHVHQVRU V\VWHPV EORFN
ZKLFK PHDVXUHVWKHV\VWHPVWDWHVVXFKDV MRLQW SRVLWLRQVDQG PRELOHSODWIRUPSRVLWLRQYDULDEOHV DQGWKHGLVWXUEDQFHV
EORFNZKLFKUHSUHVHQWVWKHH[WHUQDOGLVWXUEDQFHVZKLFKWKHV\VWHPHQFRXQWHUV
1535 Yogesh Singh et al. /  Procedia Materials Science  5 ( 2014 )  1528 – 1539 
)LJ %ORFNGLDJUDPRIWKHSURSRVHGFRQWUROOHU
 5HVXOWVDQG'LVFXVVLRQV
&RPSXWHUEDVHGQXPHULFDOVLPXODWLRQVDUHSHUIRUPHGWRH[SORUH DQGGHPRQVWUDWH WKHSHUIRUPDQFHRIWKHSURSRVHG
URERWLFSODWIRUPDQGFRQWUROVFKHPH7KHSURSRVHGV\VWHPSDUDPHWHUVIRU WKLVVWXG\DUHDVIROORZV 7KHOLQNOHQJWKV
RIWKHSODWIRUPDUH/  P/  P/  PDQG/  P7KHHQGHIIHFWRUSRLQWLVORFDWHGDWFHQWHU
RI/ OLQNLH/S  / PPRELOHSODWIRUP7KHLQGLYLGXDOOLQNLQHUWLDVDQG PDVVHVDUHREWDLQHGXVLQJLWV
JHRPHWU\ 7R FRQILUP WKH HIIHFWLYHQHVV RI WKH SURSRVHG V\VWHP WKH SURSRVHG VFKHPH LV FRPSDUHGZLWK VWDQGDUG
FRQWUROVFKHPHVVSHFLILFDOO\ WKH SURSRUWLRQDOLQWHJUDOGHULYDWH3,'FRQWUROVFKHPHDQGFRPSXWHGWRUTXHFRQWURO
&7&VFKHPH7KHFRQWUROOHUJDLQPDWULFHVRIDOO WKUHHFRQWUROOHUVDUH WXQHGVXFKDZD\ WKDWDOO WKUHHFRQWUROOHU
SHUIRUPDQFHV DUH TXLWHVDWLVIDFWRU\LQWKHLGHDOVLWXDWLRQ DQGDOPRVWHTXDOLQWHUPVRI WKHLU WUDFNLQJHUURUV 'XULQJ
WKLVWDVNDQXQNQRZQ GLVWXUEDQFH YHFWRULQDGGLWLRQWRWKDW RI SDUDPHWHUXQFHUWDLQWLHV DQGQRLVHVLVDGGHGIRUPRUH
UHDOLVWLF VLPXODWLQJ FRQGLWLRQV 7KH XQFHUWDLQWLHV RI WKH V\VWHP SDUDPHWHUV DUH DVVXPHG WR EH  'XULQJ WKH
SHUIRUPDQFH DQDO\VLV VHQVRU\ QRLVHV ZHUH LQWURGXFHG LQWR WKH SRVLWLRQ DQG RULHQWDWLRQPHDVXUHPHQWV LH PHDQ
*DXVVLDQQRLVHVRIPZLWKDVWDQGDUGGHYLDWLRQRIPIRUWKHSRVLWLRQPHDVXUHPHQWVDQGDPHDQRIq
ZLWKDVWDQGDUGGHYLDWLRQRIq IRUWKHRULHQWDWLRQPHDVXUHPHQWV ,QDGGLWLRQWKH PDQLSXODWRULQLWLDOYHORFLWLHV DUH
VHW WR ]HURDQG WKHHVWLPDWHGV\VWHPYHFWRUV DUH UDQGRPYDOXHVZKLOH WKH LQLWLDOGHVLUHGDQGDFWXDOSRVLWLRQVDQG
RULHQWDWLRQV DUH WKHVDPH
7DVN&LUFXODUWUDMHFWRU\WUDFNLQJ
,QWKLVWDVNWKH URERWLFSODWIRUP VWDUWVIURPDQ\ DUELWUDU\ SRVLWLRQIRUWKHVLPXODWLRQLWKDVEHHQVHW DV>@P
DQG LWVKRXOG IROORZD FLUFXODU WUDMHFWRU\ ZLWK WKH FLUFOH UDGLXV VHW DV  P 7KHGHVLUHG WLPH WUDMHFWRU\ LQ WDVN
VSDFHLVJLYHQDVIROORZV

PFRV
PVLQ
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'HWDLOHGSHUIRUPDQFH UHVXOWV RIWKH VLPXODWLRQVIRU WKLVWDVNDUHVKRZQLQ)LJV±)LJXUHVKRZVWKHGHVLUHGDQG
DFWXDOWDVNVSDFHWUDMHFWRULHVRIWKHPDQLSXODWRUHQGHIIHFWRUSRLQWPRELOHSODWIRUPFHQWURLGDQGWKHUHVXOWVVKRZ
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WKDW WKH SHUIRUPDQFHRI WKHSURSRVHG FRQWUROOHU LV UHPDUNDEOH DW DGDSWLQJ WRXQFHUWDLQWLHV DQGGLVWXUEDQFHVZKLOH
FRPSDUHGWR3,'DQGFRPSXWHGWRUTXH FRQWURO7KH PDQLSXODWRUWDVNVSDFHSRVLWLRQWUDFNLQJHUURUYHFWRUDQGMRLQW
SRVLWLRQ WUDFNLQJHUURUVDUHSUHVHQWHG LQ)LJ )RU EHWWHU XQGHUVWDQGLQJ V\VWHPSHUIRUPDQFHLQGH[HVVXFKDV QRUP
RIWKHWDVNVSDFHWUDFNLQJ HUURUV -a DQGQRUPRIWKH MRLQWVSDFHSRVLWLRQWUDFNLQJHUURUV  9a GXULQJ WKLVWDVN DUH
SORWWHGLQ)LJV  $VVKRZQLQWKHVHILJXUHVWKH WLPH WUDMHFWRULHV RIWKHQRUPRIWDVNVSDFH WUDFNLQJHUURUVDQG WKH
WLPH WUDMHFWRULHV RI WKH QRUP RI WKH YHFWRU RI MRLQW VSDFH SRVLWLRQ HUURUV DUH OHVV LQ WKH SURSRVHG FRQWUROOHU DV
FRPSDUHG WR WKDW RI 3,' DQG&7& VFKHPHV )URP WKH UHVXOWV LW LV QRWHG WKDW WKH REVHUYHU SHUIRUPDQFH LV TXLWH
VDWLVIDFWRU\LQHVWLPDWLQJ WKHV\VWHP SDUDPHWHUV
)LJ 7DVNVSDFH[\WUDMHFWRULHVIRUWKHVTXDUHVKDSHWUDMHFWRU\
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)LJ 7LPHWUDMHFWRULHVRIWKHMRLQWVSDFHSRVLWLRQHUURUVDQGWDVN VSDFHSRVLWLRQWUDFNLQJHUURUVIRUWKHFLUFXODUWUDMHFWRU\
)LJ 7LPHKLVWRULHVRIWKH QRUPRIMRLQWVSDFHSRVLWLRQHUURUV GXULQJ FLUFXODUWUDMHFWRU\WUDFNLQJWDVN
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)LJ 7LPHWUDMHFWRULHVRIWKHGLVWXUEDQFHHVWLPDWHVDORQJZLWKDFWXDOGLVWXUEDQFHV GXULQJWKHFLUFXODUWUDMHFWRU\ WUDFNLQJWDVN
&RQFOXVLRQV
7KLV SDSHU SURSRVHG D QHZ URERWLF SODQDU SDUDOOHO PRWLRQ SODWIRUP ZLWK D GLVWXUEDQFH REVHUYHU EDVHG PRWLRQ
FRQWUROOHU WR SHUIRUP FRPSOH[ PDQLSXODWLRQ WDVNV RQ LQFRUSRUDWLQJ MRLQW SRVLWLRQV WUDMHFWRU\ LQIRUPDWLRQ 7KH
H[WHUQDOGLVWXUEDQFHV GXHWR WKHV\VWHP G\QDPLFFKDQJHV SD\ORDGFKDQJHVH[WHUQDOGLVWXUEDQFHVDQGWKHUHDFWLRQ
HIIHFWV GXULQJ PDQLSXODWLRQ WDVN DUH HVWLPDWHG H[SOLFLWO\ DQG FRPSHQVDWHG 7KH HIIHFWLYHQHVV RI WKH SURSRVHG
VFKHPH ZDV GHPRQVWUDWHG DQG HVWDEOLVKHG XVLQJ H[WHQVLYH QXPHULFDO VLPXODWLRQV ZLWK DSSURSULDWH PDQLSXODWLRQ
WDVNV7KHREWDLQHGUHVXOWVFRUURERUDWHWKHHIIHFWLYHQHVVDQGUREXVWQHVVRIWKHSURSRVHGVFKHPHLQWHUPVRIWUDFNLQJ
HUURUV LQ WKHSUHVHQFHRI XQNQRZQH[WHUQDO GLVWXUEDQFHV DQGSDUDPHWHU XQFHUWDLQWLHV 7KLVZRUN FDQEH H[WHQGHG
VWUDLJKWIRUZDUGO\ IRU VSDWLDO SDUDOOHO URERWLF SODWIRUPVZKHUH WKH H[WHUQDO DQG LQWHUQDO GLVWXUEDQFH HIIHFWV FDQ EH
HVWLPDWHGDQGFRPSHQVDWHGGXULQJPDQLSXODWLRQWDVNV 7KLVUHVHDUFK SDUWLFXODUO\ SURYLGHVDJHQHUDOL]HGIUDPHZRUN
RIWKHGLVWXUEDQFHREVHUYHUEDVHGQRQOLQHDU FRQWUROVFKHPH IRUFRQWUROOLQJ DURERWLFPDQLSXODWRUZKLFK LVFUXFLDO
IRUDFKLHYLQJFRPSOH[PDQLSXODWLRQWDVNVIRUDYDULHW\RIVFLHQWLILFDQGLQGXVWULDODSSOLFDWLRQV
$FNQRZOHGJHPHQW
7KLVUHVHDUFKZDVVXSSRUWHGLQSDUWE\WKH)$6775$&.UHVHDUFKSURJUDPIXQGHGE\WKH'HSDUWPHQWRI6FLHQFH
DQG7HFKQRORJ\'67,QGLD6%)73(7$
5HIHUHQFHV
$UDG\ILR''4LDR' .LQHPDWLF6LPXODWLRQRI1RYHO5RERWLF 0HFKDQLVPV+DYLQJ&ORVHG&KDLQV$60(0HFKDQLVPV&RQIHUHQFH
3DSHU'(7
%RQHY ,$ =ODWDQRY ' *RVVHOLQ&0  6LQJXODULW\ DQDO\VLV RI '2) SODQDU SDUDOOHO PHFKDQLVPV YLD VFUHZ WKHRU\ -RXUQDO RI
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0HFKDQLFDO'HVLJQ±
%RQHY ,$ <X $ =VRPERU0XUUD\ 3  ;<7KHWD SRVLWLRQLQJ WDEOH ZLWK SDUDOOHO NLQHPDWLFV DQG XQOLPLWHG 7KHWD URWDWLRQ ,Q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